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[0001] 

[Field of the Invention] The present invention relates to a copper ion generating apparatus 
and a copper ion generating method for eluting copper ions into water for effective prevention 
of formation of slime, algae, and the like in water circulation systems, water supply systems, 
and the like. 

[0010] An apparatus and a method of the invention are applied to uses requiring sterilization 
in water. In their application, electrodes may be arranged in a water passage in a water 
circulation system or water supply system. According to the invention, however, it is not 
essential that electrodes be arranged in a water passage; they may instead be arranged in a 
reservoir tank or the like where water is retained. Used as electrodes may be any copper 
electrodes from which copper elutes when involved in electrolysis; their material is selected 
from pure copper, copper alloys, and the like to suit the actual application. The electrodes 
may have any shape so long as they can be so arranged that water to be processed comes 
between two pairing ones of them; typically, the electrodes are formed in the shape of flat 
plates to maximize the area over which they face each other. The electrodes may be 
arranged in any manner so long as water to be processed comes between them. The 
electrodes may be provided in any number so long as two of them pair; there may be provided 
several pairs of electrodes. 

[001 1 ] The external power supply for applying different potentials to pairing electrodes may 
be built in any manner so long as it can feed a predetermined voltage or current to the 
electrodes. In the apparatus of the invention, there is provided a polarity alternating device 
that cyclically reverses the polarities - whether positive or negative - of the potentials applied 
to the electrodes at a predetermined time interval. The polarity alternating device may be 
inserted between the external power supply and the pairing electrodes, or may be incorporated 
in the external power supply. The polarity alternating device may be configured in any 
manner so long as it can cyclically reverses the polarities of the potentials applied to the 
paring electrodes at a predetermined time interval; for example, it may mechanically operate a 



switch to reverse the polarities, or may accomplish such switching by means of an electrical 
circuit. 

[0012] It is preferable that the reversal of the polarities be done at a time interval of one to 
five minutes. The reasons are as follows. As anode elution of a copper electrode proceeds, 
in the proximity of the electrode occurs, chiefly, the reaction Cu 2+ + 20FT -> Cu(OH) 2 , thus 
producing Cu(OH) 2 . Although Cu(OH) 2 itself does not firmly adhere to the electrode 
surface, further reactions produce the following substances on the electrode surface, and these 
firmly adhere on the surface (what is produced depends on the anode voltage): 

1) If the anode voltage is 0.5 V vs NHE or less, 
2Cu + H 2 0 -» Cu 2 0 + 2H* + 2e~ 

2) If the anode voltage is 0.5 V vs NHE or more, 
Cu + CP CuCl + e", 

2Cu + H 2 0 Cu 2 0 + 2H* + 2e~ 
Here, a higher anode voltage causes firmer adhesion. On the other hand, when, after the 
anode voltage has been applied for a predetermined period, the cathode voltage is applied, 
reduction reactions occur such that 

Cu 2 0 + H 2 0 + 2e" -» 2Cu + 20H", 

CuCl + e"^Cu + CI". 

Thus, the electrode surface is reduced to Cu, but, in the proximity of the electrode, the 
deposits remain on the surface. 

[0013] Through experiments (at an anode voltage of 0.5 V vs NHE), we found that, as 
shown in Fig 3, as we shortened the time interval at which the anode and cathode potentials 
were switched, the deposits decreased. This indicates, we believe, that starting reduction 
reactions before the deposition progresses too far prompts the deposits to dissolve back. On 
the other hand, Fig. 4 plots the amount of dissolved copper in relation to the switching 
interval. As this plot clearly shows, as the switching interval is shortened to below one 
minute, the amount of dissolved copper sharply decreases. This indicates, we believe, that, 
since the dissolution of copper progresses through the reactions noted below, it takes time 
before copper actually dissolves; hence, a short switching interval stops the dissolution of 
copper in the middle of the reactions. On the other hand, the plot also shows that 
lengthening the switching interval above five minutes does not significantly increase the 
amount of dissolved copper. Thus, to simultaneously attain sufficient dissolution of copper 
and effective prevention of deposition on electrodes, it is preferable that the switching interval 
be within the range of one to five minutes. 
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2Cu + H 2 0 = Cu 2 0 + 2H+ + 2e~, 

Cu 2 0 + H 2 0 = 2CuO + 2H + + 2e~, 

CuO + 2H + = Cu 2+ + H 2 0. 
Moreover, as described previously, in applying the potentials to the electrodes, to prevent 
unduly firm adhesion of the deposits to the electrodes, it is preferable that the anode voltage 
be set at 0.5 V vs NHE or less in a steady state during electrolysis. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently remove the product 
bonded to the copper electrode of a copper ion generating apparatus 

SOLUTION: A copper ion generating apparatus is equipped with a pair 
of copper electrodes arranged in water in a spaced-apart state, an 
external power supply 9 for applying positive and negative potentials 
across the electrodes and a polarity altering device 8 for repeatedly 
reversing positive and negative potentials at a predetermined time 
interval (1-5 min). Pref. t air bubbles are generated by air bubble 
generators 15, 16 to be allowed to impinge against the electrodes 6, 
7. By this constitution, the accumulation of an adherend on the 
surfaces of the electrodes is suppressed to the utmost by changing 
over positive and negative potentials. If a changeover time is 
optimized (1-5 min), the amt. of a deposit can be markedly reduced 
without damaging the elution of copper ions. 
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